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Background: We present here final clinical results of the COHORT trial and both translational sub-studies aiming at
identifying patients at risk of radiation-induced subcutaneous fibrosis (RISF): (i) radiation-induced lymphocyte apoptosis
(RILA) and (i) candidates of certain single-nucleotide polymorphisms (SNPs).

Patients and methods: Post-menopausal patients with stage |-l breast cancer (n = 150) were enrolled and assigned
to either concurrent (arm A) or sequential radiotherapy (RT)-letrozole (arm B). Among them, 121 were eligible for RILA and
SNP assays. Grade >2 RISF were the primary end point. Secondary end points were lung and heart events and carcinolo-
gic outcome. RILA was performed to predict differences in RISF between individuals. A genome-wide association study
was performed to identify SNPs associated with RILA and RISF. Analyses were done by intention to treat.

Results: After a median follow-up of 74 months, 5 patients developed a grade >2 RISF. No significant difference was
observed between arms A and B. Neither grade >2 lung nor symptomatic cardiac toxicity was observed. Median RILA
value of the five patients who had grade >2 RISF was significantly lower compared with those who developed grade <1
RISF (6.9% versus 13%, P=0.02). Two SNPs were identified as being significantly associated with RILA: rs1182531
(P=4.2x107% and rs1182532 (P = 3.6 x 10~%); both located within the PHACTR3 gene on chromosome 20913.33.
Conclusions: With long-term follow-up, letrozole can safely be delivered concomitantly with adjuvant breast RT.
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Translational sub-studies showed that high RILA values were correlated with patients who did not develop RISF.

Registered clinical trial: NCT00208273.

Key words: radiation-induced late effects, breast cancer, radio-hormonotherapy

introduction

In 2005, a randomized trial (Concomitant HOrmono-Radio
Therapy, CO-HO-RT, NCT00208273) was performed to evalu-
ate whether letrozole given concomitantly or sequentially after
breast-conserving surgery and adjuvant radiotherapy (RT) may
alter radiation-induced side-effects and cosmetic outcomes.
This trial was supported by the fact that letrozole showed
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radiosensitizing effects on breast cell lines in vitro [1]. Analyses
of primary end point have been yet reported with a short follow-
up and showed that letrozole in combination with RT did not
increase the risk of radiation-induced subcutaneous fibrosis
(RISF) [2].

In order to better predict the risk of RISF development, patients
were proposed to be included in two translational sub-studies
which were performed before adjuvant RT: (i) the radiation-
induced CD8 T-lymphocyte apoptosis (RILA) assay (IRCM/
Montpellier; David Azria) and (ii) the genome-wide association
study (GWAS) (Mount Sinai School of Medicine/New York,
Barry Rosenstein). RILA was one of the stratification factors to
avoid imbalance between the two arms of randomization [3].

We present here final clinical results of the CO-HO-RT trial
and results of ancillary translational sub-studies.
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materials and methods

study design, patients’ selection and treatment
delivery

Post-menopausal patients with stage I-II breast cancer (n=150) were en-
rolled and assigned to either concurrent (arm A; n =75) or sequential letro-
zole-RT (arm B; n = 75). Randomization was open label with a minimization
technique, stratified by investigational centres (Montpellier, Lille, Lausanne),
chemotherapy (yes versus no), radiation boost (yes versus no), and value of
RILA (<16% versus >16%).

Details of adjuvant RT or chemotherapy were described elsewhere [2].
Briefly, patients underwent breast-conserving surgery and adjuvant letrozole
was administered at a daily dose of 2.5 mg for 5 years (beginning 3 weeks
pre-RT in arm A and 3 weeks post-RT in arm B).

toxicities assessments, quality-of-life
questionnaires and cosmetic evaluation

Skin toxicity was assessed according to Common Toxicity Criteria Adverse
Event version 3.0 (CTCAE v3.0) [4] at baseline, every week during RT, 3-6
weeks after the last RT fraction, every 3 months to month 24, every 6
months to month 60, and then every year for 5 more years. A different phys-
ician was asked to blindly score skin toxicities in cases of grade >2.

Lung toxicities were assessed through clinical examination using CTCAE
v3.0 scale. Chest computed tomography (CT) scans were performed before
randomization, and at 6, 12, 18, 24, 48 months, and every year up to 10 years
after completion of RT. Functional pulmonary investigations as lung diffu-
sion capacity for carbon monoxide (DLCO) and vital capacity (VC) were
performed to identify effects of RT on breathing.

Heart toxicity was assessed according to CTCAE v3.0 scale, and heart
hypertrophy according to the Hiatt et al. method [5]. The heart was consid-
ered hypertrophic when the measurement of cardiac surface was superior to
30% compared with the baseline measurement.

Cosmetic evaluation included clinical examination, photographs, and the
two QLQ-C30/BR-23 EORTC quality-of-life questionnaires [6, 7].

ancillary translational sub-studies

All treated patients were included in the RILA assay (n=121, 81% in
Montpellier; n =21, 14% in Lille; n = 7, 5% in Lausanne). Among them, only
patients included in Montpellier (n = 121) were invited to participate in the
GWAS sub-study. These blood samples were sent to NY for genomic screen-
ing. All ancillary translational sub-studies were performed before RT.

(i) RILA [3]: Briefly, 200 pl of heparinized whole blood was cultured for 24
h and then were irradiated at 8 Gy (except control samples). After 24 h,
CD8 lymphocytes were extracted from other blood cells and their apop-
tosis percentage was assessed through cytometry flow. RILA was defined
as the population of cells with reduced DNA fluorescence and calculated
as the percentage of total T-lymphocyte death induced by radiation dose
(8 Gy) minus the spontaneous cell death (0 Gy).

(ii) GWAS: Genomic DNA was isolated from blood and genotyped using
Affymetrix genome-wide SNP6.0 arrays (Affymetrix, San Diego, CA).
After standard quality control filters (missingness >5% and minor allele
frequency <5%), ~650000 single-nucleotide polymorphisms (SNPs)
were included in the analysis. Overall call rate was >99%. Because
genetic population structure is a common confounder in GWAS, prin-
ciple components analysis (PCA) was carried out and samples from
further SNP analysis were excluded if they showed non-Caucasian
genetic ancestry. PCA was carried out using 100 000 randomly selected
SNPs among the CO-HO-RT samples and 715 individuals from 11
populations of phase III of the International HapMap Project. A total of

7 individuals were identified as non-Caucasian and were excluded from
further analysis, leaving 114 individuals of Caucasian ancestry included.

statistical analysis

The present study assessed the long-term outcomes of the
treated patients included in Montpellier (n=121; 81%) as only
this centre accepted to participate to the extended follow-up
more than 2 years and up to 10 years (protocol amendment #1;
February 2007).

Occurrence of grade >2 RISF was the primary end point.
Previous publication reported results about acute side-effects.
Here, we only focused on late side-effects according to CTCAE
v3.0 grading system. RISF was defined as fibrosis of the breast
increased from grade 0 to 2 or 1 to 3, observed consecutively
and never regressing over time.

Secondary end points were the incidence of lung- and heart-
related side-effects, disease-free survival (DFS), and overall
survival (OS).

Median follow-up was estimated by the inverse Kaplan-Meier
method. All survival estimates were performed using the Kaplan-
Meier method and comparisons were computed using the log-
rank test. Complication-free survival (grade >2 RISF) was defined
as the time from randomization to the occurrence of a grade >2
RISE. Otherwise, patients were censored at the last follow-up visit.
DFS was defined as the time from randomization to the occur-
rence of the first carcinologic events among a local recurrence, a
metastatic event, or death. OS was defined as the time from ran-
domization to the occurrence of death whatever the cause.

Quality of life (QoL) and cosmetic results were analysed
according to the EORTC criteria [6, 7] and Wilcoxon test was
performed for arms comparison at each visit.

An exploratory analysis was performed to identify the pos-
sible risk factors of grade >2 RISF considering: (i) patient-
related risk factors: age, body mass index, bra size, smoking
status, diabetes mellitus, tumour volume, breast cancer pheno-
type), (ii) treatment-related risk factors: concomitant or sequen-
tial endocrine therapy, volume of tumour excision, mean lung
dose, mean breast cutaneous dose, lung volume that encom-
passed 20 Gy (V20) and 30 Gy isodoses (V30), (iii) RILA using
fisher’s exact test for qualitative variables and Kruskal-Wallis
test for quantitative variables. A linear mixed-regression model
was used to determine the relationship between DLCO and VC
over time. DLCO and VC parameters were log transformed to
better fit the assumptions of linear mixed model.

A P-value of <0.05 was regarded as significant. All statistical
tests were two-sided. Analyses were carried out using the Stata
software, v13.

GWAS was performed to identify single-nucleotide poly-
morphisms (SNPs) associated with RILA and RISE. As other skin
toxicity outcomes were rare, there were insufficient numbers of
cases to investigate these in the GWAS. Association with each
SNP was analysed by a y? test. Four different genetic models were
considered: allelic, genotypic (2 degrees of freedom), dominant,
and recessive. The percentage of CD8 lymphocytes undergoing
radiation-induced apoptosis was analysed as a continuous out-
come and the association with each SNP was analysed by linear
regression among the four different genetic models (allelic,
genotypic, dominant, and recessive). The genomic inflation
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factor for was 1.0168 for RISF and 1.0002 for RILA. The ge-
netic analysis software PLINK was used for all association tests
(http://pngu.mgh.harvard.edu/purcell/plink/). The standard P value
threshold of 5x 107® was used to determine genome-wide sig-
nificance, accounting for multiple hypothesis testing.

results

patients’ baseline characteristics, treatment
delivered and Consort diagram

Updated consort diagram is depicted in Figure 1. One hundred
and twenty-one patients from Montpellier entered follow-up as
mandated in the protocol, and 105 patients were assessable at

Annals of Oncology

year 2 for 8 years more (10 years in total). Seventy of them
(58%) were followed up for at least 72 months according to the
first amendment of the protocol. The other patients (19 in the
concurrent group and 16 in the sequential group) interrupted
the planned follow-up before 72 months. The main reasons are
detailed in Figure 1.

Baseline patient, disease characteristics, and treatment deliv-
ered in this population were similar to the entire cohort
described in the first report [2]. Significantly more women
smoked or were ex-smokers in the sequential group than in the
concurrent group (P =0.03) (supplementary Table S1, available
at Annals of Oncology online). The majority of this cohort did
not receive a boost and were not delivered adjuvant chemotherapy
(supplementary Table S1, available at Annals of Oncology
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Figure 1. CONSORT diagram.
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online). Nodes areas were irradiated in 18 patients (arm A) and
17 patients (arm B).

late radiation-induced toxicities, QoL, and cosmetic
outcomes

grade >2 RISF. After a median follow-up of 74 months (range
48-85 months), a total of 5 patients developed a grade >2 RISF,
one and four patients in arms A and B, respectively (P =0.17).
Three events appeared within the first 2 years and two patients
presented a late progressing breast fibrosis 6 and 7 years after
adjuvant RT. None of the selected risk factors related to
patients’ characteristics were correlated with grade >2 RISF
occurrence (Table 1). Among parameters related to treatment
planning, grade >2 RISF was associated with a high median
lung dose (P <0.01) and a large ipsilateral lung exposure (V20,
P<0.01 and V30, P=0.01).

lung toxicities. Patients’ population was well balanced between
arms A and B according to dosimetric parameters, DLCO
values and VC at baseline. No grade >2 lung toxicity was
observed by CT scan. Mean lung dose was 5.3 Gy (range 2—18.5),
V20 at 8.6% (range 1.4—37.3), and V30 at 7.4% (range 0.9—32.1).
Median baseline DLCO was 82% (range 57—135). Median VC

Table 1. Risk factors of radiation-induced subcutaneous fibrosis

Grade <2 RISF  Grade >2 Pvalue
(N=116) RISF (N =5)
Patients’ characteristics
Median age, years (range) 62 (45—82) 60 (51-71)  0.355
BMI (overweight and 59 3 0.689
obese; number of patients)
Bra size (large, number of 81 3 0.572
patients)
Smokers (number of 11 1 0.441
patients)
Diabetes mellitus/ 39 2 0.768
hypertension (number of
patients)
Volume of surgical 53.2 65.5 0.333
specimen, cm?® (median)
Tumour volume, cm® 3.03 043 0.078
(median)
ER—/PR+ 24 1 0.188
ER+/PR— 4 1
ER+/PR+ 88
RILA, % (median) 13 6.9 0.019
Treatment planning
Mean lung dose, Gy 5.2 9.7 0.007
(median)
Lung V20, Gy (median) 8.4 19.5 0.008
Lung V30, Gy (median) 7.2 15.1 0.013
Mean breast cutaneous 419 359 0.126
dose, Gy (median)
Dosimetric breast volume, ~ 728.7 701.1 0.641
cm? (median)
BMI, body mass index; ER, oestrogen receptor; PR, progesterone
receptor; RISF: radiation-induced subcutaneous fibrosis.
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was 2.83 | (range 1.6—4.2 1) and significantly decreased over time
(P=0.02).

cardiac events. Among the 121 patients, 98 chest CT scans
were prospectively performed and analysed. Measurement of
the cardiac contact distance (CCD) showed that 81 patients
exhibited a 30% increase in their CCD and in their heart surface
measurement as early as 12 months after completion of RT that
worsened in time. No statistical difference was observed between
the two arms. Nonetheless, no symptomatic late cardiac event
was reported.

Mean heart dose was 2.45 Gy (range 0.78—4.97) and V30 at
1.26% (range 0.00—4.90).

QoL evaluation. Compliance for filling up questionnaires was
81% until 24 months and 77% until 72 months. Patients’ QoL
remained more than 70% from 24 to 72 months, which could be
considered as very good. No significant difference was observed
regarding breast symptoms or body image. At 6 months, arm
symptoms’ mean scores were significantly higher for patients
treated with concomitant letrozole (23.3 versus 16.2, P=0.02).
Twelve months after the end of RT, sexual functioning’ mean
score was significantly lower in the sequential endocrine therapy
arm (14.5 versus 23.2, P = 0.03) but improved over time without
border significance at month 72 (14 versus 25.7, P = 0.06).
Figure 2 shows one patient at baseline and after 8 years of
follow-up. This patient presented a grade 3 fibrosis with retraction
of the breast that increased over time with pain impairing her QoL.

translational sub-studies

radiation-induced lymphocyte apoptosis. Median RILA value of
the entire cohort was 12.9% (range 1.5—42). Median RILA value
of the five patients who had grade >2 breast fibrosis was 6.9%
(range 4.6—9.3) regardless of treatment arm and was
significantly lower compared with those who developed grade
<1 breast fibrosis (6.9% versus 13%, P=0.02) (Figure 3). No
grade 3 side-effects were observed for patients with RILA >24%.
Among all risk factors studied, RILA was significantly predictive
of grade >2 breast fibrosis (Table 1).

genomic assay

Upon genome-wide SNP analysis of RILA (available for 99
patients), two SNPs were identified as being significantly asso-
ciated with RILA: rs1182531 (P=4.2x10"°) and rs1182532
(P=3.6x10"%). To account for any population structure
remaining after exclusion of individuals with non-European an-
cestry, these SNPs were tested in multivariable models adjusting
for the first five principal components from PCA. The associ-
ation remained after adjustment, though the strength of associ-
ation decreased slightly (P=1.2x10""7 for rs1182531 and
P=49x 1077 for rs1182532). The mean percent apoptosis was
35%, 15.4%, and 11.5%, respectively, for individuals with two,
one or no copies of the rare allele of rs1182531, and 35%, 15.2%,
and 12%, respectively, for two, one, or no copies of the rare
allele of rs1182532. These SNPs are in moderately strong linkage
disequilibrium (r2 =0.74), tagging a single locus, and are both
located within the PHACTR3 gene on chromosome 20q13.33
(supplementary Table S2, available at Amnals of Oncology
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At 8 years
retraction of the irradiated breast
with fibrosis and pain

Figure 2. Photographies of one patient with grade >3 breast fibrosis at baseline (left) and at long-term follow-up (right): 8 years. She presented retraction and

whole breast fibrosis with pain and impaired quality of life. The radiation-induced lymphocyte apoptosis value for this patient was 8.5%.
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Figure 3. Cumulative incidence of grade >2 fibrosis curves according to
radiation-induced lymphocyte apoptosis (RILA) in the whole population.

online). Other SNPs with marginally significant P values were
clustered on chromosome 5p14.3, near the CHD18 gene but
none reached genome-wide significance.

From patients with a severe grade >3 RISF, a number of SNPs
were identified (either homozygous for the minor allele or het-
erozygous), and for which none of the controls (grade 0) carried
the minor allele. SNP analysis was carried out with cases defined
as patients who presented at least one time grade >2 RISF in the
follow-up (n =25 patients versus n =85 controls, i.e. grade 0 or
1 toxicities). The top SNP was rs9421747 on chromosome
10q11.22 (P=2.2 x 107°, odds ratio 5.8 [95% confidence interval
(CI) 2.7-12.6] for an allelic inheritance model; P=2.5x 107>
after adjustment for the first five principal components; supple-
mentary Table S2, available at Annals of Oncology online), though
there were a relatively small number of cases for fibrosis in this
analysis. This SNP lies downstream of growth differentiation
factor 10 (GDF-10).

survival

The median follow-up was 74 months (IQ range 47.7—85.5). All
patients are still alive. Three recurrences or new cancers were
observed (one lymphoma, one local recurrence, and one

contralateral breast cancer with no difference between the two
arms (i.e. sequential versus concomitant letrozole). At 6 years,
DFS was 97.4% (95% CI 92—99).

discussion

The long-term follow-up of the CO-HO-RT study confirmed
that letrozole can be safely delivered shortly after surgery and
concomitantly with RT. No increase of RISF was observed, only
five patients developed severe breast fibrosis regardless letrozole
administration timing. Apart from breast fibrosis, no grade >2
lung fibrosis was observed confirming lung safety with modern
breast RT techniques. Functional tests were reassuring and
showed that two tangential fields decreased significantly VC
over time but without clinical impact. These findings were simi-
larly published in a cohort of breast cancer patients after a
median of 11 years following RT [8, 9]. No cardiac toxicity was
observed in the regardless letrozole delivering. Finally, sexual
functioning was lower in the sequential arm, which may corres-
pond to a longer overall treatment time.

While analysis of clinical parameters and treament’s modalities
failed at identifying risk factor of RISF, the analysis of translational
research showed promising predictive biological tools. RILA seems
particularly capable of predicting among all patients treated by RT
those whom will not develop severe subcutaneous fibrosis occur-
rence. Besides RILA, a GWAS showed promising results with new
SNPs strongly associated with the apoptosis pathway and moder-
ately with severe subcutaneous fibrosis.

Identifying patients at high risk of late radiation-induced
effects is important at an individual scale as these late toxici-
ties could impair QoL of long-term cancer survivors. As we
and others published for the last 10 years [2, 3, 10-12], the
present results showed that high RILA score is associated with
the absence of late toxicity occurrence, while patients with
severe late radiation-induced toxicities exhibit a low RILA
score. Some limitations of the present trial could be listed as
(i) this study is exploratory; (ii) the events of interest are rare,
hence statistical analysis is underpowered to definitively dem-
onstrate that RILA is a validated biomarker. Nevertheless, the
clinical results of the prospective multicentric French trial
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(NCT00893035) evaluating the predictive role of RILA as a
predictor of late effect after RT in 502 breast cancer patients
have confirmed our current results in a greater extent and
have been presented in abstract form at the 2015 ASTRO
Annual Meeting (Azria et al., Proc ASTRO 2015).

A GWAS was conducted to identify SNPs that could eventual-
ly improve identification of patients at high risk of severe late ra-
diation-induced toxicities. As the sample size of this cohort was
very limited, this GWAS was viewed as a discovery stage, and
validation studies will be needed to be certain if these SNPs were
truly associated with severe fibrosis, given the high probability
of false positives. Though fine-mapping and functional studies
will be needed, it lies downstream of a gene whose function sug-
gests a plausible role in development of fibrosis: growth differen-
tiation factor 10 (GDEF-10), also called bone morphogenic
protein-3b (BMP-3b). The protein encoded by this gene belongs
to the TGF-P superfamily and shares similar amino acid se-
quence with BMP-3. GDF-10 is not known to be involved in fi-
brosis but BMPs family-members usually act through Smad 1
and 5 [13]. Indeed, GDF-10 may act as a fibrotic cofactor but
this role warrants confirmation in a large dataset of patients
[14]. The GWAS also tested SNPs for association with RILA and
therefore to individual radiosensitivity [15]. The locus identified
that reached genome-wide significance lies within the phosphat-
ase and actin regulator 3 (PHATCR3) belongs to the family of
protein phosphatase 1 and actin regulatory proteins [16] that
inhibit the catalytic subunit of protein phosphatase-1 (PP1)
[17]. PP1 is a ubiquitously expressed, abundant phosphatase.
After irradiation, PP1 is dephosphorylated in an ATM-depend-
ent manner and then activated [18]. PP1 interacts with various
proteins [PP1-interacting proteins (PIPs)] as targeting subunits,
substrates and/or inhibitors of PP1 [19]. Recently, SNP in
TXNRD2 was shown to be associated with radiation-induced fi-
brosis [20]. TXNRD2 is a mitochondrial enzyme which plays a
key role in reactive oxygen species scavenging. These new find-
ings suggested that other proteins or enzymes such as PP1 could
be involved in fibrosis development.

Results from these translational sub-studies need to be vali-
dated in large prospective cohort. These assays are currently
assessed within a FP7 grant (REQUITE trial).

In conclusion, letrozole can safely be delivered concomitantly
with adjuvant breast RT. Clinical lung and cardiac fibrosis did
not appear during long-term follow-up. Late subcutaneous fi-
brosis is a rare event but strongly influenced by intrinsic radio-
reactivity evaluated by RILA. Two SNPs were identified as being
significantly associated with radiation-induced CD8 lympho-
cytes apoptosis necessitating a large validation set as proposed
in the radiogenomic consortium [14].
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Changes in tumor expression of HER2 and hormone
receptors status after neoadjuvant chemotherapy
in 21 755 patients from the Japanese breast
cancer registry
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Background: We investigate rates of pathologic complete response (pCR) and tumor expression of ER, PgR, HER2
discordance after neoadjuvant chemotherapy using Japanese breast cancer registry data.

Patients and methods: Records of more than 300 000 breast cancer cases treated at 800 hospitals from 2004 to
2013 were retrieved from the breast cancer registry. After data cleanup, we included 21 755 patients who received
neoadjuvant chemotherapy and had no distant metastases. pCR was defined as no invasive tumor in the breast detected
during surgery after neoadjuvant chemotherapy. HER2 overexpression was determined immunohistochemically and/or
using fluorescence in situ hybridization.

Results: pCR was achieved in 5.7% of luminal tumors (1 = 8730), 24.6% of HER2-positive tumors (n = 4403), and 18.9% of
triple-negative tumors (n = 3660). Among HER2-positive tumors, pCR was achieved in 31.6% of ER-negative tumors (n = 2252),
17.0% of ER-positive ones (n =2132), 31.4% of patients who received trastuzumab as neoadjuvant chemotherapy (n = 2437),
and 16.2% of patients who did not receive trastuzumab (n = 1966). Of the 2811 patients who were HER2-positive before treat-
ment, 601 (21.4%) had HER2-negative tumors after necadjuvant chemotherapy, whereas 340 (3.4%) of the 9947 patients with
HER?2-negative tumors before treatment had HER2-positive tumors afterward. Of the 10 973 patients with ER-positive tumors
before treatment, 499 (4.6%) had ER-negative tumors after necadjuvant chemotherapy, whereas 519 (9.3%) of the 5607
patients who were ER-negative before treatment had ER-positive tumors afterward.
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